Epithelium of Newborn Mice In the small intestine of newborn mice, EphB2 was exis restricted to these proliferative areas (Supplemental Figure S1 available at above URL). However, the exprespressed in the intervillus pockets of the epithelium (Figure 2A) . Its expression domain coincided with that of sion of both receptors was undetectable in the small intestines of Tcf-4 deficient mice (Supplemental Figure  Ki67 , a proliferation marker ( Figure 2C ). This cell population also expressed EphB3 receptor in a largely overlap-S1 available at http://www.cell.com/cgi/content/full/ 111/2/251/DC1). This result provides further support for ping pattern ( Figures 2D and 2F was comparable to that observed in their heterozygous proliferative area and extended along the villus ( Figures  3C and 3E) . A boundary between both cell populations littermates (not shown), the shape and position of the intervillus pockets were disturbed in mice deficient for was evident ( Figure 3E , dashed lines). In EphB2/EphB3 double-mutant mice, the boundary between the proliferboth receptors (EphB2 The overall structure of the adult small intestine is comparable to, yet more complex than that of the neonatal pression started at the positions immediately above the EphB3 Controls the Positioning of Paneth Cells The overall structure of the adult epithelium was normal was expressed throughout the proliferative compartment, peaking at positions 4-6, while its expression dein single EphB2 and EphB3 mutant mice. However, EphB3 homozygous null mice exhibited striking defects creased in a gradient toward the top of the crypts (Figures 4C and 4D ure 5B, inset). As a result, they were rarely detected on ing was observed in EphB3 ϩ/Ϫ mice ( Figures 5E and 5G , white arrowheads), suggesting some degree of haplointhe villus. This altered localization was evident throughout the small intestine and represents a fully penetrant sufficiency. No such defects were found in EphB2 null mice ( Figure 5D ). phenotype in EphB3 Ϫ/Ϫ animals (n ϭ 13). Limited scatter- 
Disruption of EphB2 Gradient Alters Positioning
EphB3 Ϫ/Ϫ mice showed a wild-type pattern of ephrin-B expression ( Figures 6A and 6B) . Figure 6F, white arrowheads) . A less extensive disturbance was present in EphB2 null mice carrying one animals (Supplemental Figure S3 available at above URL). These results implied that the receptor gradient or two wild-type EphB3 alleles (Figures 6D and 6E) .
along the crypt axis is required for the correct position-␤-catenin and TCF inversely control the expression of EphB and ephrin-B genes. Second, we demonstrate that ing of ephrin-B expressing precursors. expression of EphB receptors is essential for the correct positioning of epithelial cells along the crypt/villus axis. ␤-Catenin Accumulation in the Intestinal
While the crypt/villus axis is anatomically well defined, Epithelium Is Cell Non-Autonomous Process the molecular mechanisms responsible for the induction In the accompanying paper (van de Wetering et al., and maintenance of this axis are unclear. We demon-2002), we show that proliferative cells at the bottom of strate that only those cells localized at the crypt base the colon crypts accumulate nuclear ␤-catenin. In the in the small intestine and colon accumulate nuclear small intestine, nuclear ␤-catenin was evident in the ␤-catenin in a cell non-autonomous fashion. These obbottom third of all crypts examined (Figures 7A-7D, servations strongly suggest the presence of a localized white and blue arrowheads) while cells located above source of Wnt factors at the base of the crypts. Although this region contained exclusively membrane ␤-catenin several Wnt factors are known to be expressed in the ( Figures 7A-7D, empty arrowheads) . Moreover, Paneth developing gut (Lickert et al, 2001 ), such a localized cells invariably contained high levels of nuclear source of Wnts remains hypothetical. Nevertheless, the ␤-catenin (Figures 7A-7D, blue arrowheads) searches indicate that many cell types express Eph/ ephrin family members. We speculate that the combina-
